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Abstract Most natural populations of Eurasian
sturgeons have declined dramatically during recent
decades, reaching historic low levels today. During
the same period, sturgeon has become very popular in
European aquaculture. Because many hatcheries are
located near rivers, their unintentional escape is often
documented, especially during floods. Until now, no
cases of successful hybridization of these escaped fish
with wild stocks have been reported. In this study, the
genetic structure of a highly threatened population of
sterlets (Acipenser ruthenus) from the Upper Danube
was analysed as a requirement for their conservation.
Surprisingly, we observed genotypes and morpho-
types of Siberian sturgeon (Acipenser baerii), as well
as hybrids between this species and native sterlets.
This hybridization poses a serious threat for the
survival of this isolated sterlet population in the upper
part of the Danube. For the first time, natural
reproduction is documented for Siberian sturgeon
outside their natural range in Europe. This finding
demonstrates the risk of extinction by hybridisation
of endangered populations. We would like to stress
that taking into consideration the risks for native
sturgeon populations, farmed sturgeon should not be
released into the wild, and all measures should be
taken to prevent their accidental escape.
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Introduction
Today sturgeons and paddlefishes (Acipenseridae)
are highly endangered freshwater fishes. Overhar-
vesting and habitat destruction have caused dramatic
population declines worldwide. Due to the successful
management of North American species, their situ-
ation is less critical than that of their Eurasian
counterparts (Pikitch et al. 2005). Several serious
risks jeopardize all Eurasian species and populations;
the most important are unsustainable harvest and
poaching, river damming, and the intentional or
unintentional release or escape of exotic sturgeon
species into natural waters. Several efforts have been
made to reduce the impact of these threats; e.g. the
development of genetic approaches for trade control
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(Ludwig 2008) and the building of fish passes and
lifts in many rivers (Pavlov 1989). Also, to boost the
sturgeon fishery, many populations have been stabi-
lized over the past few decades by hatchery and
release programs.
These stocking efforts have resulted in an overload
of homogenous, sometimes non-native, genotypes
which are responsible for inbreeding and outbreeding
depressions (Ludwig 2006). Although inbreeding is
less critical in fishes due to the huge number of
offspring, outbreeding is a major risk especially for
threatened populations/species with a limited range
and only small effective population sizes. The
admixture of non-native alleles to local genepools
results in the dilution and/or an irreparable loss of
locally adopted alleles or allelic combinations. This
effect is especially evident for threatened populations
because they are by definition of small size and can
be overthrown by large numbers of introduced
specimens. This negative impact of outbreeding is
exacerbated by inter-species hybridisations. Despite
these hybrids being less fertile’, their existence have
been documented for sturgeon a few times. Hybrids
are often characterized by a greater growth perfor-
mance; replacing native species, and often causing
their extinction.
Simulations have demonstrated that hybridisation
is the most rapidly acting genetic threat to endan-
gered populations, with extinction often occurring in
less than five generations (Wolf et al. 2001). Hughes
et al. (2003) showed that a resident genotype of
freshwater shrimp was extinct after translocation of
slightly different genotypes. Sometimes hybrids
result from intended release programs (Becker et al.
2007), and in other cases from habitat alterations
(Freyhof et al. 2005) or from unintended escapes of
hatchery fish (Birstein et al. 1998). However, natural
sturgeon hybrids are often rare (Ludwig et al. 2002).
Most times, backcrosses with native specimens
resulted in a ‘‘genetic cleaning’’ of nuclear genotypes,
so that evidence for ancestral hybridisation is often
only detectable in mitochondrial DNA (Ludwig et al.
2003; Birstein et al. 2005).
Members of the family Acipenseridae display a
strong tendency for inter-species hybridization under
altered environmental conditions as well as through
artificial propagation. In aquaculture, hybrids between
different species are sometimes considered superior to
the parental species. Aquaculture of sturgeons has
undergone dynamic development worldwide, and
Siberian sturgeon (Acipenser baeri) has become the
preferred species in European aquaculture (Bronzi
et al. 1999). Siberian sturgeons originally inhabiting
Asian (Siberian) rivers from the Kolyma in the east to
the Ob in the west are easy to handle, fast growing, and
reproduce quickly under hatchery conditions. The
escape of farmed Siberian sturgeons is often reported,
especially during flooding events (Maury-Brachet
et al. 2008) which have become increasingly frequent
in Europe during the last few decades. Nevertheless,
until now natural reproduction outside of their native
range has not been documented.
Here we describe the first case of natural repro-
duction of non-native Siberian sturgeons in Western
Europe, and furthermore their hybridization with
native sterlets (A. ruthenus), in the Upper Danube
River. This hybridization poses a serious threat for
the survival of this isolated sterlet population in the
upper part of the Danube.
Material and methods
Fourteen acipenserid fishes were caught in the stretch
of the Danube River beneath the Jochenstein Weir near
the border between Germany and Austria (rkm
2203.31; Fig. 1). Additionally, 19 reference samples
of Siberian sturgeon (Lake Baikal = 13; Lena
River = 2; Aquaculture = 4) were used for compar-
ison together with previously published sequences of
Acipenser baeri (AF168469, AF168480-3, AF168487-
8, AF168476-7, AF168493-4, AF168497). Sequences
of Acipenser ruthenus were compared with reference
samples from the rivers Danube and Volga (population
genetics data will be published elsewhere).
Meristics
Originally the specimens were collected during the
course of a conservation program for the population
genetic screening of Danube sterlets as a prerequisite
for their artificial propagation and release. This Upper
Danube population is threatened by extinction and
isolated from the next populations downstream in
Slovakia by many weirs (Reinartz 2002). Most of the
fish were released back into the river after small fin
clips were taken, however seven specimens were
retained for the collection of morphological data, and
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were then transferred to ponds as potential brood-
stock for artificial propagation.
The species identifications were conducted based
on previously published meristic and morphological
data from Acipenserids (Debus 1995). Although this
database does not include specific meristic data from
Danube River sterlets, it contains meristic data of all
described sturgeon and paddlefish species from many
populations, including several populations of Volga
River sterlets and Siberian sturgeons of different
origins.
Genetics
DNA was extracted from tissue samples using
DNeasytissue kit (QIAGEN). The following primers
F.for (50-GCA TCT GGT TCC TAT TTC AGG TCC-
30)-F.rev (50-TAT TAG GCT TGT TTC GGC GTA
AGG-30) were used for amplification of partial
mitochondrial D-loop sequences. PCR was carried
out in a total volume of 25 ll containing; 1 U Taq
DNA polymerase, 10 pmol of each primer, approx.
10 ng DNA, 100 lM of each dNTP, 2.5 mm MgCl2
and 2.5 lL 10 9 incubation buffer, under the fol-
lowing reaction conditions: one cycle at 94C for
5 min, followed by 30 cycles at 94C for 30 s, 56C
for 30 s, 72C for 30 s, and a final extension of at
least 3 min at 72C. PCR products were purified
using QIAquick PCR Purification Kit (QIAGEN).
Cycle sequencing was performed following the
standard procedure. Sequences were visualized using
an automated sequencer (ABI 3110).
Allele lengths and distribution were determined
for nine microsatellites: Afu19, Afu34, Afu39, Afu68
(May et al. 1997); Spl101, Spl105; Spl173 (McQu-
own et al. 2000); Aox23, Aox45 (King et al. 2001).
PCR was performed in a total volume of 25 ll,
containing 1 U Taq DNA polymerase, 10 pmol of
each primer, about 10–50 ng DNA, 100 lM of each
dNTP, 2.5 mm MgCl2 and 2.5 ll 10 9 incubation
buffer. Amplifications were performed under the
following reaction profile: one cycle at 94C for
3 min, 30 cycles at 94C for 30 s, the locus-specific
annealing temperature for 30 s, 72C for 30 s; and a
final extension at 72C for 10 min. Fragment size was
determined on an ABI 3110 automatic sequencer,
using the Genescan 2.0 and an internal size standard
(GeneScan-250 LIZ, Applied Biosystems).
Results
Meristics
Five specimens exhibited meristic and morphological
characteristics which were to variable extents con-
sistent with Siberian sturgeon (A. baerii) as described
in the database (Table 1). For three of these speci-
mens, pre-anal scute counts were inconsistent with
that expected for the true A. baerii. One specimen
Fig. 1 Map of the Danube River showing sample location near Weir Jochenstein, Austria. Map used for Fig. 1 was modified after D.
Ullrich and used under license CC-by-sa / http://de.wikipedia.org/wiki/Donau
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showed similarities to the stellate sturgeon (A.
stellatus) for some meristic characters, but shared
most diagnostic characters with A. baerii (e.g. skin
without sterlet scuteles and very short snout in
contrast to stellate sturgeon which is characterized
by a very long snout). Two specimens were identified
as sterlets (A. ruthenus) based on their meristics.
Genetics
Thirteen (of 14) specimens shared sterlet (A. ruthe-
nus) mitochondrial haplotypes (EU185053-5)
(Table 1). One specimen had a Siberian sturgeon
(A. baerii) haplotype (EU185052). The two species
are separated by 49 interspecific substitutions
(18.77% sequence divergence (Fig. 2). Additionally,
both species differ in their number of chromosomes
and their ploidy level (Birstein et al. 1993; Ludwig
et al. 2001). Siberian sturgeons have 248 chromo-
somes, whereas sterlets have 118 chromosomes
(reviewed in Birstein et al. 1993). Therefore differ-
ences of individual allelic number/locus can be used
to determine the species. Eight specimens showed C3
alleles in one or more loci indicating hybrids or pure
Siberian sturgeons. Moreover, allele lengths differ
between both species for the following loci: Aox23,
Afu39, Afu68, Afu34, Afu19 and Spl101 (data
available on request). Five specimens showed alleles
diagnostic for A. baerii samples (n = 22) on the one
hand, and on the other hand they shared sterlet-like
mtDNA haplotypes (Table 1; Fig. 3). It is likely that
these five individuals are hybrids.
Discussion
The sterlet was once the most widespread sturgeon
species in the Danube River with populations occur-
ring from the Danube Delta near the Black Sea up to
city of Ulm (rkm 2586) as well as in numerous
tributaries in historic times (Reinartz 2002). The
current conservation status of sterlets in the Danube
varies depending on the conservation and environ-
mental measures applicable in each country’s
Table 1 Identification of species or hybrids based on mor-
phology and genetic studies
Sample mtDNA Ploidy (no of alleles) Morphology
A-Joch-01 A. ruthenus 2n (A. ruthenus) –
A-Joch-02 A. ruthenus 2n (A. ruthenus) –
A-Joch-03 A. ruthenus 2n (A. ruthenus) –
A-Joch-04 A. ruthenus 3n (hybrid) A. baerii
A-Joch-05 A. ruthenus 2n (A. ruthenus) –
A-Joch-06 A. ruthenus 3n (hybrid) –
A-Joch-07 A. ruthenus 3n (hybrid) –
A-Joch-08 A. ruthenus 3n (hybrid) A. baerii
A-Joch-09 A. ruthenus 2n (A. ruthenus) –
A-Joch-10 A. ruthenus 2n (A. ruthenus) A. ruthenus
A-Joch-11 A. baerii 4n (A. baerii) A. baerii
A-Joch-12 A. ruthenus 3n (hybrid) A. baerii
A-Joch-13 A. ruthenus 3n (hybrid) A. baerii
A-Joch-14 A. ruthenus 2n (A. ruthenus) A. ruthenus
Fig. 2 Alignment of mt d-loop haplotypes indicating diagnostic substitutions
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jurisdiction along the length of the river. With
improved water quality and stocking programs sterlet
populations have recovered in the Slovak-Hungarian
middle part of the Danube over the last few decades
(Holcˇı´k et al. 2006), although catches in the Hungar-
ian section are decreasing and have become unstable
since the second half of the 1990s (Guti 2006). In the
Lower Danube (River) below the Iron Gate (Djerdap)
dams (rkm 1040 and rkm 934) sterlets are still present
and reproducing (Paraschiv et al. 2006), although
some researchers suspect that overharvesting and
other factors are having a negative impact on
populations (Bacalbasa-Dobrovici 1991; Lenhardt
et al. 2006). In the Upper Danube River above
Bratislava (rkm 1870), sterlet populations can be
traced back to the Middle Ages by means of historic
written sources (Kinzelbach 1994; Zauner 1997).
Nowadays the occurrence of this species depends
heavily on stocking. Numerous efforts have been
made to reintroduce this species into the free flowing
stretches of the Danube, as well as impoundments in
Germany and Austria starting in the 1970s. So far,
however, there is no evidence for any successful
establishment of a self-sustaining population by
stocking. The Bavarian Fisheries Association (Lan-
desfischereiverband Bayern e.V.) launched a
conservation programme for the highly threatened
population of sterlets on the Austrian-German border
in 2005. Sterlets are documented regularly below the

































Fig. 3 Neighbour joining tree based on Kimura-2-parameter
distances (for A. baerii (ellipses) and A. ruthenus (triangles),
with the outgroup Huso huso (squares) including reference
samples from different river systems. Mitochondrial haplotypes
observed within the Upper Danube samples are indicated by
solid black symbols. GenBank accession numbers follow the
sample origin (river name/aquaculture)
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catches (Zauner 1997). There is no evidence of
stocking measures for these fish (Zauner 1997;
Zauner 2007, pers. communication).
In contrast to the decline of natural sterlet
populations, Siberian sturgeons and their hybrids
have become very frequent in European aquaculture
(Williot et al. 1993; Bronzi et al. 1999). The increas-
ing catches of these species in European rivers
correlates strongly with their increasing number
represented in hatcheries. For example, Siberian
sturgeons were reported for the Slovak-Hungarian
stretch of the Danube River very recently (Holcˇı´k
et al. 2006; Masa´r et al. 2006). Besides numerous
reports for the unintentional escape of this species
during recent decades, they were also deliberately
released into tributaries of the Baltic Sea and Lake
Ladoga with the aim of establishing self-sustainable
populations (Kairov 1975). Several million fishes and
fertilized eggs were released in Baltic waters (Debus
1998). Some of them were caught along the Swedish
and Estonian coasts (Otterlind 1970; Paaver 1999);
others were caught in Polish and German rivers
(Gessner et al. 1999; Arndt et al. 2002). Although
they are freshwater fishes, they also survived in the
Baltic Sea due to low salinities in the prevailing
brackish waters. Nevertheless the foundation of a
self-sustaining population failed however.
Additionally, specimens from garden ponds and
aquariums were often released into ‘‘freedom’’ after
they extended a certain size. Moreover, they escape
occasionally from aquaculture facilities in floodplains
during flood events. Although these incidents have
been expected to introduce competitive effects, an
imminent danger for native populations by the
introduction of allochthonous genotypes has so far
not been considered, because until now no reproduc-
tion was reported for exotic sturgeons in European
rivers. However, we have now documented the first
observed case of natural reproduction of exotic
Siberian sturgeons in the Danube River, and more-
over, their hybridization with sterlets from one of the
last remaining populations of the Upper Danube
River. The origin of Siberian sturgeons and the
timing of invasion into this section of the river are
still unknown, and releases of this species into the
area and neighboring river stretches have not been
documented. Importantly, the Siberian sturgeon dif-
fers in one major characteristic from other sturgeons
used in European aquaculture, in that it is
potamodromous i.e. a freshwater species without an
obligatory marine phase during its life-cycle. The
Siberian sturgeon shares this trait with sterlets.
Additionally, the reproduction observed in this case
may be supported by the hydrological conditions of
this river region.
Normally, both species differ in their autecology
which should prevent hybridizations. Siberian stur-
geons spawn at temperatures ranging between 8 and
21C depending on the geographic location of the
river, with spawning temperatures becoming more
favorable from east to west (Ruban 2005). For
sterlets, optimal spawning temperatures are between
12 and 17C; below 9C and above 21C spawning
ceases (Sokolov and Vasil’ev 1989). Embryonic
development of Siberian sturgeon is possible over a
wide range of temperatures depending on its adapta-
tion to both artic rivers in Siberia and warmer
southern waters in Kazakhstan (Ruban 2005). The
optimal temperature for embryonic development
ranges between 11.4 and 14.9C, whereas Black
Sea sturgeons prefer temperatures between 15 and
24C (A. gueldenstaedtii, A. stellatus, A. ruthenus, H.
huso). The lower temperature threshold of embryonic
development for Siberian sturgeon is 4C, lower than
for all other sturgeons (C12C—data reviewed in
Ruban 2005). In addition, northern rivers are often
affected by rapid temperature shifts during summer
times. Siberian sturgeons therefore display adapta-
tions to a wide range of temperatures, which may
support their successful reproduction in the Danube
River. However, the differences in spawning temper-
atures and embryonic development between the two
species in question should result in different spawn-
ing times and grounds (spawning grounds are also
affected by water levels). In this case, spawning
migration of sterlets is interrupted by the Jochenstein
weir, which causes their concentration below the
dam. Additionally, water temperatures are decreased
a short distance above Jochenstein at the confluence
of the large alpine Inn River and the Danube River
near Passau (rkm 2225), which may support repro-
duction and embryonic development of Siberian
sturgeons in this area.
Considering these findings, the following manage-
ment strategies are recommended: (i) Pushing back
Siberian sturgeons in the Danube River; (ii) Supple-
mental breeding to boost the sterlet population and
support the process of ‘genetic cleaning’. Vergeer
758 A. Ludwig et al.
123
et al. (2004) demonstrated that introduction or
genetic reinforcement is best achieved through
material from the local population or, when unavail-
able, from several large populations. Although all
sterlet populations are at historic low levels, genetic
data indicate that historically, Danube sterlets formed
a meta-population (Lippold, Reinartz & Ludwig
unpublished data) which is fragmented into isolated
sub-populations by dams today. Finally, although our
findings have negative implications for the conser-
vation of most wild sturgeon stocks, they also provide
valuable insight for future management measures in
this section of the Danube, in documenting the
existence of suitable spawning and nursery habitats
for sturgeons, and the spawning of ripe sterlets in the
region.
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